ABSTRACT -(Sinningia allagophylla (Gesneriaceae): in vitro cultivation of a native plant of the Brazilian cerrado). We used axillary buds as initial explants for hormone interaction studies required for in vitro cultivation of S. allagophylla. Callus production was achieved on gelled Murashige & Skoog medium (MS) supplemented with indole-3-acetic acid (IAA= 0.1 and 0.5 mg.l -1 alone or combined with 6 benzylaminopurine) (BA= 0.01 and 0.1 mg.l -1 ). A hormone balance between IAA and BA that would encourage shoot bud development was not found. Nodal segments from axenic cultures grown in the presence of cytokinin (0.1 mg.1 -1 of BA) without any auxin on MS medium with half-strength macronutrients were used as a standard explant source for subsequent experiments on optimum mineral culture media composition for S. allagophylla in vitro cultivation. We found that explants kept in vitro on gelled Gamborg et al. (B5) mineral composition culture medium showed better shoot and specially root growth than on MS medium. Comparisons of the ammonium and nitrate ratios of MS and B5 media indicate that B5 medium has a substantial reduced ammonium ion when compared to MS medium, as well as a lower total nitrogen level. The growth response pattern obtained in vitro may be evidence of the adaptation of this species to soils of poor mineral composition as found in the Brazilian cerrado, as well as an indication that nitrogen levels play a key role for S. allagophylla growth.
Introduction
The cerrado is the second largest vegetation formation in Brazil, coming second only to the Amazonian forest, and covering about 25% of the country or approximately 2 million km 2 (Ratter & Ribeiro 1996) . Cerrado has a number of peculiar characteristics distinguishing it from other vegetation types, with several authors suggesting that the occurrence of cerrado in a given area depends on a complex mixture of climatic and edaphic factors, emphasising the need for ecophysiological, biochemical and molecular studies to reach a better understanding of adaptation mechanisms in native species (Zaidan & Ribeiro 1995) . Micropropagation of such species is an important option since the cerrado is a threatened biome, having become the main agricultural frontier in the country (Ratter et al. 1997 ). In addition, numerous studies have demonstrated great economic potential of cerrado plants: as foodstuffs -plants supplying fruits, seeds, tubercles, teas, oils and fats; industrial uses -fibres, cork, gums, resins and latex; medicinal uses -more than 100 species used for treatments and cures; ornamentals -the cerrado is rich in ornamental plants with elevated economic potential (Yexküll & Mutert 1995) .
Sinningia allagophylla (C. Martius) Wiehler (Gesneriaceae), popularly known as "ynambu jety" (ynambu = partridge, jety = potato) is a perennial herb that grows wild in cerrado vegetation with a wide distribution in the South of Brazil (Chautems 1993) . The climate of the region is tropical, with a distinct pattern of wet and dry seasons (Sarmiento et al. 1985) . In January, the aerial parts of S. allagophylla start to senesce simultaneously with seed dispersion. The plants will be completely dry by the end of March and practically disappear in the dry seasons -autumn and winter (AprilAugust). When spring starts, new shoots are formed re-establishing the annual growth cycle. So the success of this species, as well as that of other geophytic species of the cerrado, depends on a subterranean organ in which the dormant buds are protected during the seasons unfavourable for growth. Although S. allagophylla can reproduce through seed, plant growth is very slow (it takes 10 months from plant to flourish in greenhouse conditions). Vegetative propagation was rarely found in the field and attempts to propagate the plant by tuber cuttings under greenhouse conditions were unsuccessful.
To allow vegetative propagation of this endemic species of an endangered vegetation type and to study interesting aspects of the tuberization process, in vitro micropropagation seems to be a promising approach. In this paper, we describe procedures for the in vitro establishment S. allagophylla.
Materials and methods
Plant material from the field -The tuberous subterranean organ of S. allagophylla was collected from cerrado at the "Reserva Biológica e Estação Experimental de Moji-Guaçu", near the city of Moji-Guaçu, São Paulo, Brazil. The tubers were then kept in pots with soil: sand (2:1) and maintained in greenhouse. Plant material in the greenhouse -The apical bud was excised after six months of growth in the greenhouse conditions. The decapitated plant was kept for further seven days in the greenhouse before removal of explants. The seven-day period was necessary to allow the development of axillary buds used as explants. Explant sources were carefully selected: 1) basal nodes were not used due to their high contamination levels; 2) plants that were flowering or in senescence were completely avoided. Successful shoot production was obtained only when nodal segments containing axillary buds (two per node) were used as explants. Type 1 explants -Developed axillary buds about 1 mm long were soaked in a mixture of three anti-oxidants: cysteine 0.0002% w/v, ascorbic acid 0.015% w/v, citric acid 0.015% w/v, and one drop of Tween 20 per 100 ml of distilled water.
The buds were kept in this solution for three hours, and subsequently they were disinfected in a laminar flow chamber with 70% ethanol for 20 seconds and rinsed three times in sterile water. The f inal step of this surface sterilisation procedure for the explants consisted of immersing them in a 1% sodium hypochlorite solution (v/v) for five minutes, followed by rinses in sterile water. Sterilisation efficiency was verified by maintaining them for seven days in Murashige & Skoog (MS) basal medium (Murashige & Skoog 1962) solidified with 0.7% agar supplemented with 2% sucrose. Only viable and clean type 1 explants were afterwards cultivated in vitro by transferring each one to a flat-bottomed flask (8 cm high, 2 cm wide) containing a volume of 10 ml of one of the following two media: 1) medium 1 consisted of full strength MS medium supplemented with two levels of indole-3-acetic acid (IAA) (0.1 or 0.5 mg.l -1 ) in combination with the cytokinin 6-benzylaminopurine (BA) (0.01 or 0.1 mg.l -1 ) or 2) medium 2 consisted of half-strength macronutrients MS medium supplemented with 0.1 mg.l -1 BA. For all the experiments, ten replicates per treatment were used and all cultures were maintained at 26 o C under 14 h photoperiod provided by daylight radiance of 36 mmol.m -2 .s -1 at culture level. Type 2 explants -Only explants maintained in medium 2 had developed aerial shoots of about 5 to 10 cm after two months of in vitro cultivation of type 1 explants. Nodal stem segments (1 cm long) with one or two leaves were taken from those aseptically grown plantlets and then used as type 2 explants. Nutritional experiments -All the nutritional experiments were done with type 2 explants at different concentrations of ammonium and nitrate: full-strength MS medium, full-strength B5 and half-strength B5 (Gamborg et al. 1968) . The aerial dry weight and root dry weight were measured after four months of in vitro cultivation at 26 o C under 14 h photoperiod conditions.
Results and Discussion
Plant regeneration for many species cultured in vitro depends on an initial callus stage. Variation in auxin/citokinin ratios promotes different developmental responses. Relatively high concentration of IAA favors cell proliferation and root differentiation whereas higher levels of adenine or kinetin promote bud differentiation (Bhojwani & Razdan 1983 ). The axillary buds of S. allagophylla developed calli and roots in MS medium supplemented with IAA. The kind of differentiation obtained with type 1 explants of S. allagophylla in MS medium supplemented with various combinations of IAA and BA can be seen in figure 1 along with percentage data presented in table 1. Callus and roots proliferation could be seen 20 to 30 days (this was the range of time found after four repetitions of the same procedure) after inoculation in media with IAA alone (0.1 and 0.5 mg.l -1 ) or combined with BA (0.01 and 0.1 mg.l -1 ). The gene-ral morphogenesis pattern shown in figure 1 was found in all four repetitions. Higher BA proportion in presence of IAA did not result in any development of shoot buds, an indication that IAA inhibited shoot development. Shoot development was only observed on media containing BA alone. In S. allagophylla cultures an ideal hormone balance between IAA and BA that would promote both shoot bud and root development was not found. Therefore shoots from axenic cultures grown in MS supplemented with 0.1 mg.l -1 BA were used as an explant source for optimization experiments.
In the literature a large number of different culture media are described differing mainly in mineral nutrition. One of the most important components of the basal medium is nitrogen. In general, because of its toxicity there is a tendency to use lower levels of NH 4 + than NO 3 -in plant tissue culture media (Franklin & Dixon 1994) . For type 2 explants of S. allagophylla the effect of different basal media, MS, B5 and half strength B5 on dry matter of shoots and roots can be seen in table 2. In B5 medium (full and half-strength) roots grew better achieving higher dry weight values than roots in MS medium.
In Urtica dioica, low nitrogen supply favoured dry matter formation of the root plus rhizome fraction, whereas high nitrogen supply resulted in a preferential growth of the leaf plus stalk fraction (Rosnitschek-Schimmel 1982) . Kerbauy (1993) observed an increase in the development of the orchid root system when explants were submitted to nitrogen deficiency. The increase in dry matter of roots that was observed in S. allagophylla in B5 medium could be a consequence of the substantial reduction of ammonium ion in B5 medium when compared to MS medium. This may suggest a deleterious effect of ammonium ion in this species.
In Atropa belladonna the presence of high levels of ammonium ions in media favours the development of incipient plants rather than roots (Thomas & Street 1972) . The deleterious effects of high concentrations of ammonium in plants have already been shown by Gamborg et al. (1968) . In Salix (Letouzé & Daguin 1983) and shoot tip cultures of Amelanchier arborea (Brand 1993) higher concentrations of ammonium nitrate in the medium resulted in an enhancement of hyperhydricity. In spite of several indications on the toxic effects of ammonium, a series of reports has shown that a minimal amount of endogenous ammonium is essential for embryogenesis in cultured cells as has been shown by Kerbauy (1993) for protocorm regeneration in Oncidium varicosum. Gigon & Rorison (1972) observed herbaceous species adapted to different nitrogen sources. These authors reported that various calcifuge herbaceous plant species grow better on ammonium than on nitrate whereas with some calcicoles the inverse is observed. Although single nitrogen sources were not tested in the experiments with Sinningia allagophylla tissue culture, comparisons of the results observed between ammonium and nitrate ratios showed that best growth for tissues of this species was obtained in the poorer B5 medium, which has lower total nitrogen levels than in MS medium. This may indicate adaptation of this species to the nutrient-poor Brazilian cerrado soil, but further studies are necessary to test this hypothesis. 
